Abstract. The present paper discusses the design, analysis, and development of a low profile, low RCS, diagonally polarized and wide beam radiating element at Ku-Band for Electronically Steered Phased Array Antenna (ESPAA) for airborne applications. Radar Cross Section (RCS) of the antenna has been minimized by proper selection of substrate and eliminating the diffraction and scattering of the incident wave through the antenna. Finite element method (FEM) based full wave ANSYS's HFSS EM Simulation software was used for simulation and optimization of the antenna. The measured half power beam width of the antenna element is 90 degree and RCS better than -30 dBsm over the wide angular coverage of radiating element.
Introduction
An aircraft equipped with a satellite terminal has the capability to establish continuous satcom data link, during its movement. Presently, reflector based antennas mounted on the positioning system is being used for satellite communication which has larger volume and weight. Being a mechanical system, the beam steering is done mechanically hence its response time is more, requires periodic maintenance and the maintenance cost of these systems are quite high. By replacing the mechanical steering with electronic steering, the system can be made with quite a low volume and light in weight. Electronically steering antenna system also has the advantages of high reliability, low scan time and graceful degradation in case failures of some transmit/receive module.
Nowadays, electronically steered antennas have become the most preferred antenna for satellite communications. To minimize the scan loss during electronic steering of the beam, the radiating element of ESPAA should have wider 3-dB beamwidth. Microstrip based planar antenna has been preferred for airborne applications due to its lightweight, low profile and better integration with the aircraft. The microstrip antenna, being a resonant antenna has smaller bandwidth which can be improved by increasing the separation between the patch and ground plane by using thicker substrate. Unfortunately, this leads to the generation of a surface wave which further affects the mutual coupling and scattering behavior of the antenna system. The scattered fields from the antenna system also affect the RCS of the antenna. The bandwidth of microstrip antenna can be increased by several methods as discussed in the literature [1] [2] [3] [4] [5] [6] [7] [8] . Using stacked patches or coplanar parasitic element are some of the ways to enhance the bandwidth of the microstrip antenna [4] [5] [6] . Number of techniques have been discussed in the literature [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] to reduce the RCS of a microstrip antenna array. However, none of the studies have considered the wideband radiating element having wide beamwidth required for large beam steering of ESPAA.
In the present paper, the design and development of a low RCS, diagonally polarized, wide beam radiating element for Ku band ESPAA is discussed. Diagonal polarization has been selected so that transmitted signals may be received by vertical as well as a horizontally polarized antenna. It also reduces the polarization mismatch losses during movement of the airborne platform. Half power beamwidth of the individual radiating element has been selected as 90 degrees to cater for beam steering of ±45 degree with 3dB scan loss. The designed antenna has less than -30 dBsm radar crosssection over its beam coverage.
Design, simulation, and results
The phased array antenna consists of radiating elements followed by phase shifters, digital attenuators, and manifold networks. The resultant radiation pattern of phased array antenna is determined by the vector sum of the fields radiated by radiated elements including the effect of the digital phase shifter and digital attenuators. The performance of the radiating element decides not only the overall radiation pattern of the antenna but they also dictate the beam steering angle with specified scan loss. For airborne applications, low profile, lightweight microstrip antenna is the most suitable radiating element.
The parameters of the radiating element for ESPAA are completely different from that for the communication system. In the communication system, the radiating element should have larger gain and narrower beamwidth, but in case of ESPAA, the radiating element must have a broader beam so that large beam steering angle can be obtained [19] . In the case of airborne applications, the placement of the antenna element over the airborne platform should also not increases its resultant RCS.
A microstrip patch antenna has metallic radiating patch and ground plane separated by dielectric substrate material. Selection of dielectric material is done based on the beamwidth requirement of the antenna element. Dielectric materials with high dielectric constant reduce the size of the DOI: http://dx.doi.org/10.32452/IJAMT.2019.194197 © 2019 IJAMT antenna element and hence increasing the beamwidth of the antenna [15] . The larger value of the dielectric constant of substrate material results in a reduction of antenna efficiency. Hence dielectric materials with high dielectric constant and low loss tangent is most suitable for radiating element. Further, the smaller radiating element would have lower RCS as compared to that of the larger radiating element. Considering the above facts, 60 mil TMM4 material (r = 4.5, tanδ = 0.002) has been selected in the design of radiating element. Size of radiating elements depends on the operating frequency and dielectric properties of the substrate material. Diagonally fed square patch antenna has been selected for excitation of the dual orthogonal mode of patch antenna simultaneously to generate the diagonally polarized wave. In this, the equal amplitude of orthogonal polarizations (both vertical and horizontal) is generated. Designed radiating element was modeled, simulated and optimized for the required beamwidth using ANSYS HFSS. Figure 1 shows the three dimensional CAD model of the radiating element.
The optimized size and feeding point of the radiating element are 4.35mm x 4.35mm and at (0.9mm, 0.9mm) from the center of patch respectively. Comparison of beamwidth of the radiating element with RT duroid dielectric material (r = 2.2) and TMM4 dielectric material (r = 4.5) is shown in Figure 2 (a). It can be seen from the Figure 2a that using TMM4 as substrate material, the beamwidth of the antenna increases by 10 degree which results in ±5 degrees more beam steering as compared to that with RT Duroid 5880 substrate material.
RCS of the antenna is affected by scattering of the electromagnetic wave from the antenna. Increase in the scattering of EM wave increases the radar cross-section. RCS of the antenna element has been reduced by optimizing the scattering from all the edges of the antenna element and using high dielectric constant substrate to reduce the antenna element size. IE (Integral Equation) solver of HFSS has been used for the analysis of RCS of the antenna. The RCS of the antenna element with RT duroid dielectric material and TMM4 dielectric material is shown in Figure 2 (b) .
It is clear from Figure 2b that using TMM4, RCS of the antenna lowers by more than 15 dB at 90-degree elevation angle. Figure 3 shows the photograph of the fabricated antenna. Developed radiating element was evaluated for its radiation pattern performance over Ku-band SATCOM transmit frequency band (13.75 GHz to14.50 GHz). Figure 4 and Figures 5a, 5b respectively. Figure 6 shows measured RCS against the simulated RCS values. The antenna has the impedance bandwidth of 1.2 GHz (13.6 to 14.8 GHz). The realized antenna has a 3dB beamwidth of 90 degrees and RCS less than <-30 dBsm. The measured radiation pattern of the radiating element follows the simulated pattern quite closely. RCS simulation was carried out using controlled (ideal) boundary conditions and also the fabrication tolerances were not considered, .hence the simulation shows better RCS values. In practical measurement reflectivity of an anechoic chamber, the dynamic range of receiver and nearby reflections from positioning system affect the measured RCS. Due to these limitations, the measured RCS of the antenna is slightly less than the simulated values. 
Conclusion
A low profile, low RCS, diagonally polarized and wide beam radiating element has been designed, developed and evaluated. The measured beamwidth of the antenna is 90 degree resulting in ±45 degrees beam steering with 3 dB scan loss. Due to wide beamwidth of the radiating element, it is best preferred radiating element for ESPAA with large beam steering. The designed radiating element has very low RCS (less than -30 dBsm) which is a prime requirement for stealth platform. The developed antenna has lightweight, low profile and low RCS hence it is the most suitable radiating element for transmitting frequency band of Ku band SATCOM for ESPAA for airborne applications.
